Background and aims: Data from National Health and Nutrition Examination Survey for 2007-2010 were used to evaluate factors that affect observed variability in urinary phytoestrogens.
Introduction
Phytoestrogens are plant-derived naturally occurring phenolic compounds which have estrogenic effects [1] . Isoflavones, lignans, and coumestrans are three major classes of phytoestrogens [2, 3] . Isoflavones include genistein (GNS) and daidzein (DAZ), and they are found in the highest amounts in soybeans, miso, tofu, and legumes [2, 4] . Lignans are constituents of linseed and sesame seeds and in lower concentrations; in seed oils, whole grain cereals, beans, and other fruits and vegetables [4, 5] .
Decreased incidence of diabetes, heart disease, and breast cancer has been reported to be associated with the consumption of phytoestrogens. For example, as compared to non-consumers, consumption of phytoestrogens has been shown to be associated with decreased incidence of diabetes and heart disease by Zhang et al. and Villegas et al. [6, 7] . Similarly as compared to non-consumers of phytoestrogens, consumption of phytoestrogens was found to be associated with reduced risk of breast cancer incidence in Asian populations [8, 9] . In a meta-analysis, relative risk of ovarian cancer among those who consumed isoflavones as compared to those who did not consume isoflavones was reported to be 0.63 and relative risk among those who consumed soy foods as compared to those who did not consume soy foods was estimated to be 0.51 [10] . When compared with non-consumers, relative risks of prostate cancer associated with the consumptions of soy and isoflavones were shown to be 0.74 and 0.88 respectively [11] .
Jeng et al. used cross-sectional data from National Health and Nutrition Examination Survey (NHANES) for the years 2009-2010 for children and adolescents aged 6-18 years to evaluate the associations between the levels of phytoestrogens and metabolic disturbances [12] . These authors found that the levels of enterolactone (ETL) and equol (EQU) were inversely related to systolic blood pressure and the levels of daidzein (DAZ), EQU, genistein (GNS), o-desmethylangolensin (DMA) were inversely related to the levels of triglyceride [12] . On the other hand, Jeng et al. also found an inverse relationship between the levels of high density lipoproteins and GNS and DMA. Thus, certain phytoestrogens were found to contribute both negatively and positively to metabolic processes [12] . In postmenopausal females with metabolic syndrome, soy diet was associated with decreased diastolic blood pressure, triglyceride levels, and C-reactive protein [13] . However, among those without metabolic syndrome, only EQU producers had reductions in diastolic blood pressure and C-reactive protein [13] . Thus, in selected populations, diets rich in phytoestrogens make positive contributions to lipid metabolism.
Ryback et al. used data from NHANES for the years 2003-2006 for adults aged ≥ 20 years to evaluate associations of sociodemographic and life style factors with the observed levels of DAZ, EQU, ETL, ETD, GNS and DMA in urine [14] . Smokers were found to have lower levels of ETL and DMA by at least 25% when compared with nonsmokers [14] . As compared to non-consumers of alcohol, consumers of 1 daily drink of alcohol were found to have lower levels of EQU and DMA by about 18-21% [14] . However, these authors did not consider the role Data were available for 6 urinary phytoestrogens, namely, daidzein (DAZ), o-desmethylangolensin (DMA), equol (EQU), enterodiol (ETD), enterolactone (ETL), and genistein (GNS). Percent values at or above the limit of detection (LOD) for DAZ, DMA, EQU, ETD, ETL, and GNS were 99.9%, 93.7%, 99.7%, 99.3%, 99.9%, and 100% respectively. LODs for DAZ, DMA, EQU, ETD, ETL, and GNS were 0.40, 0.20, 0.06, 0.04, 0.01, and 0.20 ng/mL respectively All values < LOD were imputed as LOD/Sqrt (2).
Urine samples were collected by the Centers for Disease Control and Prevention and were assayed at the Division of Laboratory Sciences of the National Center for Environmental Health of the Centers for Disease Control and Prevention. Briefly, high performance liquid chromatography-atmospheric pressure photoionization-tandem mass spectrometry (HPLC-APPI-MS/MS) was sued for the quantitative detection of genistein, daidzein, equol, O-desmethylangolensin, enterodiol, and enterolactone. Detailed laboratory methods to measure phytoestrogens are available at http:// wwwn.cdc.gov/nchs/nhanes/2009-2010/PHYTO_F.htm.
Using data from the individual food files, data from nine major food groups specified by United States Department of Agriculture [15, 16] in their food and nutrition database were used to create 17 food groups for the purpose of this study. The conversion of 9 original USDA food groups to 17 new groups was accomplished by classifying these groups based on USDA food codes. USDA food code is an 8-digit code. Only first two (USDA-2), first three (USDA-3), and four digits (USDA-4) were used to re-classify the food groups used in this study. Table 1 provides details on how 17 food groups used in this study were created and how they are related to original USDA food groups. The only data used for each of the 17 food groups for this study was the amount of each food consumed by the participants. All those who were not reported to have consumed food in a particular food group were assumed to have consumed zero gram of food in that food group. From the total nutrient intake data files, total amount of alcohol, caffeine, cholesterol, fiber, folate, sugar, and fat consumed in grams, and total calories consumed in kilo-calories were used.
The total number of participants aged ≥ 20 years available for analysis, after removing observations with missing data for dependent and independent variables (as defined later on), was 2962. Detailed sample sizes were: N Males =1462, N Females =1500, N Non-Hispanic White =1457, N Non-Hispanic Black =548, N Mexican American = 561, N Other race/ethnicities =396, N Nonsmoker =2207, N Smoker =755, N Iodine Deficient =950, and N Iodine Replete =2012. Those with urinary iodine concentration < 100 µg/L were defined as iodine deficient and those with urinary iodine concentration >= 100 µg/L were defined as iodine replete. Those with serum cotinine levels < 10 ng/mL were defined as nonsmokers and those with serum cotinine levels >= 10 ng/mL were defined as smokers.
The author analyzed all raw downloaded data from NHANES by using SAS v. 9.3 (www.sas.com, SAS Institute for Advanced Analytics, Cary, North Carolina, USA). In order to assess factors affecting observed phytoestrogen levels, using SAS Proc SURVEYREG, multivariate regression models were fitted with log10 transformed values of urinary phytoestrogen levels as dependent variables. A total of four regression models (Model 1 through Model 4) were fitted in a sequential fashion for each of the six phytoestrogens. Thus, a total of 24 regression models were fitted. The independent variables included in Model Table 1 were added as continuous variables but only those with p≤ 0.10 were retained in the model. Finally, Model 4 included all the independent variables already in Model 3 and in addition, total nutrient variables, namely, total amount of alcohol, caffeine, cholesterol, fiber, folate, sugar, and fat consumed in grams, and total calories consumed in kilo-calories were added in the model but only those with p≤ 0.10 were retained in the final model. All results generated by regression models and as presented in this communication are based on final fitted Model 4.
It should be noted that all analyses incorporated variables to reflect adjustments that were necessary to account for complex survey design, namely, stratification and clustering. Information on stratification and clustering within each stratum is provided in all publically released NHANES datasets as variables named SDMVSTRA and SDMVPSU respectively. SAS statements STRATA and CLUSTER allow specification of these design variables.
Results
Relative contributions to regression model R 2 With age, gender, race/ethnicity, BMI, PIR, urine creatinine, and survey year only in the model, R 2 varied from 4.51% for the model for DMA to 13.64% for the model for EQU ( Table 2 ). The addition of smoking and iodine sufficiency statuses to the models raised R 2 from 
Association between phytoestrogens and continuous independent variables in the models
Levels of ETD (β= 0.0028, p< 0.01), ETL (β=0.006, p< 0.01), and GNS (β= 0.0024, p= 0.047) increased with crease in age ( Table 3) . Levels of ETD (β= -0.0079, p= 0.01) and ETL (β= -0.0163, p< 0.01) decreased with increase in BMI. There was a positive association between PIR and ETD (β=0.0385, p< 0.01) and ETL (β= 0.0427, p< 0.01). Increased consumption of legumes and nuts (β= 0.0009, p< 0.01), eggs (β= 0.001, p< 0.01), grains (β= 0.0004, p< 0.01), fats and oils (β= 0.0022, p= 0.02) was associated with increased levels of DAZ. Increased consumption of legumes and nuts (β= 0.0012, p< 0.01), eggs (β= 0.0015, p< 0.01), grains (β= 0.0003, p< 0.01), fats and oils (β= 0.0026, p< 0.01) was associated with increased levels of DMA. There was a positive association between the levels of EQU and consumption of milk and milk products (β= 0.0004, p< 0.01) and seeds (β= 0.0041, p= 0.03) but increased consumption of fruits excluding berries and dried fruits was associated with decreased levels of EQU (β= -0.0002, p= 0.01). Increase in the consumption of fish (β= 0.0003, p= 0.03), seeds (β= 0.0071, p< 0.01), and alcoholic beverages (β= 0.0001, p< 0.01) was associated with increased levels of ETD. In addition, increased consumption of non-alcoholic beverages (β= -0.0001, p< 0.01) was associated with decreased levels of ETD. There was a positive association between the consumption of eggs and ETL (β= 0.0005, p= 0.03). Consumption of both legumes and nuts (β= 0.0006, p< 0.01) and grains (β= 0.0004, p< 0.01) was associated with increase in the levels of GNS.
Increased levels of DAZ (β= -0.0003, p< 0.01), DMA (β= -0.0004, p< 0.01), and GNS (β= -0.0002, p= 0.02) were associated with decreased levels of total cholesterol. There was a positive association between total fiber consumed and ETD (β= 0.0075, p< 0.01). There was also a positive association between total folates consumed and ETL (β= 0.0002, p< 0.01).
Effect of gender, race/ethnicity, smoking and iodine sufficiency statuses
Males had statistically significantly higher levels of DAZ, DMA, EQU, ETD, and ETL (p<= 0.03, Table 4 ). Both NHW and NHB had statistically significantly higher levels of DMA than MA (p< 0.01, Table 4 ). NHW had higher levels of EQU as well as ETD than both NHB and MA (p< 0.01, Table 4 ). Nonsmokers had statistically significantly higher levels of DMA (p= 0.01, 
Discussion
New to this study, for the first time, the association of iodine sufficiency status as determined by the observed iodine levels in urine with the observed levels of six phytoestrogens in urine was evaluated. Urinary iodine levels were found to have a statistically significant association with the levels of all six phytoestrogens. Iodine deficiency was associated with statistically significantly lower levels of DAZ, DMA, EQU, and GNS (p< 0.01). For the data used for this study, Spearman correlations between serum cotinine and DAZ, DMA, EQU, ETD, ETL, and GNS were found to be -0.01, -0.06, -0.04, -0.11, -0.17, and 0.003 respectively. These correlations are similar to what have been reported by Ryback et al. [14] . Also, Spearman correlations between urinary iodine and DAZ, DMA, EQU, ETD, ETL, and GNS were found to be 0.23, 0.15, 0.42, 0.18, 0.15, and 0.23 respectively. These correlations are substantially higher than the correlations that serum cotinine had with the phytoestrogens studied here. Thus, it is of importance to consider the role that iodine sufficiency status plays in affecting the observed levels of phytoestrogens. Iodine sufficiency status may affect bioavailability of certain phytoestrogens. A mechanism how this effect may take place is unknown and will need more explanation. This is an area that needs more work, possibly in laboratory animals.
Ryback et al. found unadjusted levels of DMA (p< 0.01) and ETL (p< 0.01) to be statistically significantly higher among nonsmokers as compared to smokers [14] . However, in this study, when adjustments were made for factors that affect levels of phytoestrogens, in addition to DMA and ETL, nonsmokers were also found to have statistically significantly higher levels of EQU and ETD (p<= 0.04) than smokers. Kikkinen et al. found current female smokers to have statistically significantly lower levels of serum ETL than female nonsmokers [17] . It is possible that certain constituents in tobacco smoke may induce enzymes that may accelerate excretion of certain phytoestrogen metabolites or alternatively, smoking may negatively affect bioavailability of certain phytoestrogens. The mechanisms by which tobacco smoke constituents and iodine deficiency affect levels of phytoestrogens are not well understood and will need additional research.
Because of possible changes in diet and metabolism as people age, it is important to consider how age may affect the observed levels of phytoestrogens. Ryback Adjusted for race/ethnicity, smoking status, iodine sufficiency status, age, survey year, body mass index, poverty income ratio, urine creatinine as well as individual food consumption and total nutrient variables as listed in Table 3 # Adjusted for gender, smoking status, iodine sufficiency status, age, survey year, body mass index, poverty income ratio, urine creatinine as well as individual food consumption and total nutrient variables as listed in Table 3 && Adjusted for gender, race/ethnicity, iodine sufficiency status, age, survey year, body mass index, poverty income ratio, urine creatinine as well as individual food consumption and total nutrient variables as listed in Table 3 ## Adjusted for gender, race/ethnicity, smoking status, age, survey year, body mass index, poverty income ratio, urine creatinine as well as individual food consumption and total nutrient variables as listed in Table 3 ISSN: with unadjusted levels of EQU (p=0.01) [14] . This was not confirmed in this study. On the contrary, I found a positive association between age and ETD, ETL, and GNS (p< 0.01). This may be because I used age as a continuous variable in the regression model, Ryback et al. presented results based on unadjusted levels of age as a categorical variable [14] .
Because of changes in the volume of distribution with changes in BMI, the observed levels of the chemicals of interest may change. Ryback et al. based on BMI as a categorical variable, found a positive association between BMI and DAZ and between BMI and DMA [14] . These results were not confirmed by this study. Instead, a negative association between BMI with both ETD and ETL was observed (p<= 0.01). Dietary patterns associated with socioeconomic status may affect the observed levels of the chemicals of interest. Higher unadjusted levels of EQU, DMA, ETD, and ETL were associated with increasing PIR [14] . These results were confirmed for ETD and ETL only in this study (p< 0.01).
Both gender and race/ethnicity are known to affect metabolism of many drugs. Ryabck et al. found males to have statistically significantly higher unadjusted levels of DAZ (p= 0.02) but after adjustments for other factors, for this study, adjusted levels of not only DAZ (p< 0.01) but also DMA (p< 0.01), EQU (p= 0.02), ETD (p< 0.01), and ETL (p= 0.03) were found to be higher for males as compared to females [14] . Peeters et al. reported female vegans and vegetarians to have higher levels of ETL than male vegans and vegetarians [18] . Also, Kikkinen et al. reported median serum ETL levels among females to be higher than among males (16.6 nmol/L vs. 13.8 nmol/L) in a Finish study [17] . Ryback et al. found statistically significant differences by race/ ethnicity for unadjusted levels of DAZ, EQU, and DMA [14] . Similar results were found in this study also. Among three major racial/ethnic categories, MA had the lowest adjusted levels of DAZ, DMA, and EQU in this as well as the study by Ryback et al. [14] Using data from NHANES for 2001-2004, Frankenfeld found positive association between DAZ and consumption of legumes, nuts, and seeds (p= 0.03) and grain products (p< 0.01) [19] . While Frankenfeld used original 9 USDA food groups, in his study, I converted these 9 food groups into 17 food groups but there were some similarities in the results [19] . In this study, DAZ levels were statistically significantly positively associated with the consumptions of eggs, legumes and nuts, grains, fats and oils, and dried fruits (p<= 0.02). Frankenfeld found positive association between GNS and the consumptions of legumes and nuts seeds, and grain products (p< 0.01) [19] . I also found similar results (p< 0.01). Frankenfeld also found positive association between DMA and the consumption of legumes and nuts, and seeds (p= 0.02) [19] . In this study, in addition to legumes and nuts (p< 0.01), positive association between DMA with the consumptions of eggs (p< 0.01), grains (p< 0.01), and fats and oils was also discovered. Both Frankenfeld and I found positive association between EQU and consumptions of milk and milk products (p< 0.01) [19] . In addition, I found a positive association between EQU and the consumption of seeds (p= 0.03) and a negative association between EQU and the consumption of fruits excluding berries and dried fruits (p= 0.01). In males, Kikkinen et al. found positive association between serum ETL and the consumptions of the wholegrain products and fruits and berries [17] . In females, Kikkinen et al. found positive association between serum ETL and the consumptions of vegetables [17] . In this study, only the consumption of eggs was found to have a positive association with urinary ETL. It is possible that associations with dietary variables that phytoestrogens may vary from one matrix to another matrix.
